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ABSTRACT
The last global economic crisis set fiscal consolidation as one of
the most relevant goals of economic policy. At the same time,
efforts are necessary to increase economic growth rates, particu-
larly by increasing quantity and quality of public investment.
However, the lack of fiscal space and other impediments make
these goals hard to attain. On the contrary, in many countries
data show negative dynamics of quantity and quality of public
investment. In terms of energy efficiency investment, trends are
positive. However, the pace of investment significantly underper-
forms the goals set. We argue that one of the major reasons is
the lack of financial innovation and project selection methodology.
For this reason, projects have still been mainly financed under
traditional procurement models. Surprisingly, most countries do
not exploit the advantages of alternative models of financing
which do not affect public debt level, significantly reduce fiscal
deficits and reduce fiscal risks. This article argues that a multi-crite-
ria approach used at the initial stages of project preparation
increases the potential for project realisation and the overall quan-
tity and quality. In order to provide empirical evidence, we use
information on energy efficiency streetlighting projects and pre-
sent a case of a traditional versus alternative financing models.
HIGHLIGHTS
 a need for a systematic approach when selecting optimal
financing model is a must;
 a lack of financial innovation is one of the most critical impedi-
ments to a higher level of investment in revenue-generating
projects common for the energy efficiency sector;
 alternative models of financing enable public investment
increase without harming the fiscal position;
 a new methodology for selecting the most preferable model
is presented;
 a policy mix should take more comprehensive stance towards
complexity of public investment projects.
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1. Introduction
In practice, when preparing and implementing public projects, particularly within the
decision-making process for an investment option, the public contracting authority
faces the problem of choosing the optimal investment option. These are cases when it
is necessary to compare different available procurement models (i.e., traditional
investment procurement [T.I.P.], public–private partnership [P.P.P.], E.S.C.O. model,
leasing and similar) and various available financing options (non-refundable grant,
commercial financing sources, financial instruments and the like). The decision of
choosing the optimal investment option is more complex if the decision is made on
the basis of validation criteria (for example, the total project life costs, the value of
the payment from the budget, the value of non-refundable grants or the statistical
treatment in relation to the government debt). Here is the need to apply multiple cri-
teria decision analysis (M.C.D.A.) by which different procurement and financing
models have to be evaluated in terms of the importance of a particular criterion. The
importance of the specific criteria will depend on many factors such as economic,
financial, fiscal, statistical, political and the like.
The aim of this article is to present the importance of integrated systems of planning
public investment based on the optimisation of key factors that drive the economic and
financial efficiency of public investment. Our approach is based on financing issues
because selection of financing models fundamentally affects the overall chance of pro-
ject realisation and efficiency level. We argue that contemporary systems of capital
investment planning has to be improved by selecting the financing options at the very
beginning of a project’s development. Experiences in energy efficiency projects show
the importance of such an approach in practice. The research proposes a method for
selecting the preferred investment option in cases where different procurement models
and different financing combinations are available and decisions on investment options
are based on several different selection criteria. We present the application of a possible
method of selecting the optimal investment option utilising the consolidated data from
three public lighting projects in the Republic of Croatia.
We structure the article as follows. In the second section we present the concept of
an integrated system of financing public investment. The investment projects are com-
plex and, in order to realise them effectively and efficiently, such complexity has to be
taken into consideration. The same goes for the increasing number of financial options
which do not just deal with financial matters but fundamentally affect project design,
structure, method of procurements and, most importantly, final outcomes in terms of a
standard delivered at affordable cost (value for money [V.f.M.]). The third section
briefly describes the methodology developed and real life project details used for deriv-
ing the results. The fourth section presents the results of the experiment, where we
show potentials of an M.C.D.A. as a project options selection tool. Finally, the conclu-
sion draws some recommendations and presents avenues for further research.
2. The integrated system of financial model selection
One of the surprising results of the recent I.M.F. reports (2014a, 2015) is the disturb-
ing trend of decreasing quantity and quality of public infrastructure, not just in
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emerging economies, but also in advanced economies. According to the I.M.F.
(2014b), the stock of public capital, which reflects, to a large extent, the availability of
infrastructure, has declined significantly as a share of output over the past three deca-
des across advanced, emerging and developing economies. In advanced economies,
this reflects primarily a trend decline in public investment from about 4% of GDP in
the 1980s to 3% of GDP at 2013. Thus, lack of investment in public infrastructure is
identified as one of the major reasons for sluggish economic growth in some of the
countries analysed and significantly reduces their future growth potentials. In add-
ition to that, it seems that lack of public investment is even more harmful for less
developed countries featured by lower stock of public capital. Izquierdo et al. (2019)
find robust empirical evidence that countries with low initial stocks of public capital
have significantly higher public investment multipliers than countries with a high ini-
tial stock of public capital. It is important to note that their findings were robust to
the sample (European countries, U.S. states, and Argentine provinces). This also
means, particularly for the countries where public investments are restrained due to
fiscal consolidation, that those countries reduce their growth potentials. These find-
ings also resonate with empirical study of Fournier (2016), based on the sample of
OECD countries, who finds ‘large growth gains’ from increasing the share of public
investment in total government spending and, also, shifting the structure of govern-
ment spending towards investment. Makuyana and Odhiambo (2016), in their over-
view of empirical studies, conclude that public investment is important to economic
growth; particularly when focused in basic infrastructures that stimulate private
investment. Therefore, a way to overcome the limits imposed by fiscal consolidation
and support higher levels of public investment is to turn towards private sector cap-
ital where governments have to set stimulating policies (Barbosa et al., 2016).
One of the sectors where the private capital role is gaining more importance is the
energy efficiency sector. In terms of the energy efficiency sector, the effects of fiscal
consolidation are observable through the significant underperformance of most of the
countries in terms of goals set within supranational or national strategical documents.
Even though the evidence shows that participation of the private sector in providing
infrastructure services has been increasing, the problem is that the pace of investment
is not satisfactory. This refers very much to the issues of energy efficiency investment
as well. Deloitte (2017a, 2017b) reports on energy efficiency in the European Union
(E.U.) and warns that, despite the emphasis on energy efficiency from both inter-
national experts and policymakers, there is a consensus that the measures targeting
an increase in energy efficiency implemented so far have not enabled the E.U. to
reach its targets.
Numerous studies deal with the issue of lack of public investment and unsatisfac-
tory level of efficiency. Authors state different causes of such state. Some authors
(Collier et al., 2010) argue that there is a lack of robust and systematic procedures
which resolve major impediments for the investment project realisation – ‘invest in
the investment process’. Others state inefficient and corrupt bureaucracies
(Chakraborty & Dabla-Norris, 2009). Investment in public infrastructure is massive
by its nature and such projects have always been one of the vehicles for rent-seeking
activities. Esfahani and Ramırez (2003) and Haque and Kneller (2015) reflect on the
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quality of project selection, management and implementation. Project selection proce-
dures in practice are poorly developed across countries. In the best case, cost benefit
analysis studies are used which are insufficient tools for decision-making in projects
where multi-criteria procedures are necessary. The quality of management and imple-
mentation varies significantly depending on the financing (procurement) model
selected. Additional issue refers to limited information and technical capacity (Collier
et al., 2010) which not only refer to the public sector but to private sector companies
also. Technical progress in terms of the development of new materials, electrical and
other equipment, I.o.T. sensorics and other components of infrastructure increases
the traditional asymmetry of information. In that sense, even the standard tools of
economic and financial analysis have immense difficulties in coping with such disrup-
tive change. Therefore, financial models have to be flexible, i.e., move from determin-
istic to stochastic assumptions of factors that determine future revenues and costs. In
addition to technical issues, the legal framework and abundance of financial options
make project framework increasingly comprehensive to all stakeholders. Henisz and
Zelner (2006) blame interest group pressures that often make project implementation
impossible if the majority of interests are not vested. Vendors often pressure develop-
ment and implementation of public infrastructure projects. They operate in a very
competitive market and are eager to exploit any potential for market advantage.
Guasch et al. (2007) discuss impediments set by weak operational frameworks. One
of the major obstacles related to lack of public investment is the issue of fiscal space
(Collier et al., 2010; Easterly et al., 2007; Serven, 2007). After the latest economic cri-
sis, public deficits and debt soared in many countries and even in in the aftermath,
during recovery, countries engaged in fiscal consolidation efforts in order to prepare
for a potential new recession period. In that sense, a lack of understanding of
accounting classification and the favourable potential of alternative models of financ-
ing in terms of financing the project ‘off’ the government balance sheet is not an
impediment per se, but more of an unexploited potential.
Considering the numerous issues that present challenges for the implementation of
public investment projects, we argue that the integrated approach to the selection of a
financing model resolves the numerous stated problems. One of the key elements of the
integrated approach presented in this research is in the fact that it entails long-life cycle
(L.L.C.) concept of investment project which, as a concept, strongly advocates E.U. insti-
tutions in recent periods. The key conceptual change refers to the shift towards measur-
ing the revenues and costs of each project within the natural lifetime of the project cycle
(or the length of the contract in case of public and private cooperation). Such an
approach enables the transparent and precise measurement of V.f.M. of different pro-
curement and financing options. Such approach upgrades traditional procurement models
that are based on the public work provided and the alternative procurement models that
focus on service, i.e., standards delivered by particular public infrastructure (Table 1).
An integrated model of capital project selection not only reflects proper measure-
ment of net present value of the project, which includes assumed capital and main-
tenance costs coupled with evaluation of risk materialisation. There are many other
differences regarding the cost of capital, risk allocation and evaluation, statistical
treatment of the financial transaction (or property ownership), tax treatment,
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discount rate differences and also issues of blending procurement models with grants
and financial instruments (guarantees, loans or equity). These numerous factors affect
the final decision on selection of most preferred models of procurement and financ-
ing in public projects and have to be part of the decision-making criteria: statistical
classification, discount rate selection, tax issues (particularly in regards to value added
tax), project maturity, cost of capital, financial structure (weighted average cost of
capital [W.A.C.C.]) and identification/allocation of risks, etc.
In terms of statistical classification (European Union, 2013a, 2016), there are sev-
eral main issues. Firstly, key question, which affects relation of public investment
transaction and fiscal position (public deficit or debt), is government accounting sys-
tem in place. In the case of accrual budgeting, public investment depreciates accord-
ing to the value of the capital stock and accounting period of particular
infrastructure. Such an approach is more favourable in terms of fiscal position and
presents ‘accounting incentive’ for public investment. Cash-based government
accounting systems accounts public investment as capital expenditure of the year in
which the costs occurred and, thus, immediately negatively affects government fiscal
position. In countries with a weak fiscal position, such accounting system has nega-
tive impact on the volume of investment. In addition, governments that undergo fis-
cal consolidation processes often reduce investment in order to improve fiscal
position. The second issue relates to the statistical treatment of alternative funding
options such as P.P.P.s and concessions. Eurostat provides options that public infra-
structure financed by private capital, under certain criteria integrated within the con-
tract, accounts as ‘off balance’ project and, therefore, does not present public debt. Of
course, it will affect the fiscal position in terms of rise of expenditures due to govern-
ment annual instalments as a fee for public sector services.
Discount rate selection reflects the fact that countries use different discount rates
for economic and financial evaluation of investment projects. It is important to bear
in mind that discount rates impose different effect depending on the nature of the
investment project. For example, revenue-generating projects (EU, 2014) such as
energy efficiency projects will have a lower net present value in case of higher dis-
count rates because nominal revenues usually increase over time. This means that
financial gap calculated for each project will be higher and the potential subsidy will
increase. Thus, the selection of the discount rate is itself a policy tool for stimulating
revenue-generating projects. E.U. policy allows for different sectoral discount rates
and the use of higher discount rates for projects financed by the private sector (EU,
2014). Thus, there is a widely unused tool for stimulating sectoral investment (par-
ticularly in the domain of energy efficiency).
Regarding the tax issues, the fundamental difference between traditional govern-
ment procurement and alternative models of financing is in the fact that in first case,
Table 1. Procurement/financing models.
VBM Works Based Models SBM Services Based Models
 Traditional procurement based on loan
 Financial leasing
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government is providing public works, and in the second case, government is tender-
ing for provision of services. The V.A.T. directive1 clearly defines tax treatment of
provision of public works versus provision of services. Due to its nature that entails
capital expenses and works, V.A.T. in case of traditional financing applies per trans-
action. In the case of services (i.e., the energy efficiency service or providing a stand-
ardised level of quality of public lighting), V.AT. is charged based on service
delivered (compensated by the monthly unitary charge).
Project maturity relates to several issues. One is related to the aforementioned stat-
istical treatment which is based either on the accounting period of certain assets or
the duration of the contract. However, in real life, the duration of the project very
often depends on the ability or strength of the financial market. More developed
financial markets are able to extend the length of financing which makes the project
more sustainable in terms of budget potential. Of course, there is a trade-off between
the market rate and maturity of the project, but such a conflict which may increase
financing costs can be solved by appropriate financial structuring of the project, i.e.,
the use of financial instruments, participation of institutional investors or interest rate
arbitrage coming from the investor from more favourable markets).
Cost of capital is primarily related to the basic credit rating of the particular coun-
try, however, there are many possibilities of credit cost reductions which stem from
previously mentioned options such as different forms of subsidies, institutional
investors or development bank participation, private investor with access to affordable
capital costs, etc.
Finally, it is important to address identification of risks. Traditional procurement
processes usually completely ignore the plethora of risks related to the complexity of
capital infrastructure projects. Thus, there is no information about true quality and
efficiency of particular public projects. There is no relation between the public stand-
ards delivered and the financial burden on the taxpayers. A transparent model that
covers and provides monetisation of the potential risks resolves these inefficiencies.
Therefore, the comprehensive risk matrix should be part of every public investment
regardless of the project procurement model.
In terms of the characteristic features of traditional and alternative procurement
models, we can list the following features (Table 2 presents the main features of dif-
ferent mixed procurement and financing models):
1. Traditional models: in many countries the focus is on capital costs instead of whole
life costs (W.L.C.), there is no risk matrix preparation and no identification, quan-
tification and appropriate allocation, maintenance costs are ignored, no mechanism
of measurement delivered standards, no mechanism of sanctioning non-delivered
standards, no systematic ex ante as well as ex post measurement of V.f.M.;
2. Alternative models: a W.L.C. approach, focus on risk identification, quantification
and allocation, defined standards of delivered services before procurement, very
strong payment mechanism in case of non-delivered or partially delivered stand-
ards, systematic measurement of V.f.M. during whole project life cycle.
Generally, in traditional models of procurement one can find a relatively shorter
repayment period of financing, smaller value of discount rate, risk retained to public
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investors and a relatively simple structure. All options within traditional models are
on the balance sheet. In contrast, in alternative model of procurement one can find a
longer contracting period, V.A.T. will apply on a (usually) monthly unitary charge,
relatively higher costs of capital and significantly complex project structures.
In the case of research on M.C.D.A. of public investment options which is presented
in this study, the research is mainly based on the use of different multiple criteria deci-
sion models applied to different issues and also sectoral analysis of application of service
based methods on particular energy efficiency investment (usually by P.P.P. or E.S.C.O.
model). The methodology of this research draws from study of Communities and Local
Government (2009) where the most relevant methods of M.C.D.A. are covered, such as
continuous M.C.A. models, non-compensatory methods, multi-attribute utility models,
linear additive models, the analytical hierarchy process, outranking methods, fuzzy
M.C.A. and others. Among the many methods of multiple criteria decision-making,
there are advantages and disadvantages of each method, these are well researched and
described within the literature. In this study we use a linear additive methodology which
is one of the most used methods due to its intuitive appeal and transparency.
In terms of application of the previously mentioned methodologies, we have not
been able to find similar research which combines the concept of life cycle costs
(L.C.C.), multiple decision-making methods and application of the fiscal aspect of
public investment. However, it is interesting to present the results of several studies.
Limaye and Limaye (2011) particularly address the energy efficiency sector as a cost
effective option for meeting energy requirements. However, they stress many barriers
which lead to insufficient utilisation of E.S.C.O.s. They also provide examples of
institutional solutions from Belgium, Croatia, the Philippines and India to stimulate
private sector involvement. Campisi et al. (2018) provide energy efficiency improve-
ments of street lighting systems in Rome by using real options methodology to evalu-
ate the investment strategy. Pantaleo et al. (2014) researches the profitability of
E.S.C.O. business models in the sector of biomass heating and CHP. Polzin et al.’s
(2016) research found market-based solutions, such as energy performance contracts
(E.P.C.) in particular, can accelerate the diffusion of innovative technologies. They
research modes of governance for municipal energy efficiency services – in the case
of LED street lighting in Germany. Meyer et al. (2017) provide a case-based overview
of different business models of financing and procuring street lighting.
There are many studies which deal with technical issues of energy efficiency. For
example, Rabaza et al. (2013) present a simple model for designing public lighting
based on optimising the technical parameters. Carli et al. (2015) use M.C.D.A. to
show its benefits within optimisation of energy management of smart cities. Carli
et al. (2018), as well as Beccali et al. (2018) use M.C.D.A. to define the optimal deci-
sion strategy related to multiple and conflicting objectives in the planning of street
lighting refurbishment. On the other hand, Neves et al. (2018) deal with designing a
municipal sustainable energy strategy by using M.C.D.A. where they find much
importance on prioritising public lighting, biomass, bus/train improvements and solar
photo-voltaic investment.
Therefore, as previously stated, there are many studies which cover the issues of
selecting models of financing and procurement, as well as technical optimisation of
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energy efficiency projects. There are also numerous studies that cover different energy
efficiency and energy sectors. However, we rarely find studies that cover the use of
M.C.D.A. to support decisions within models of procurement and fiscal cost and ben-
efits of public entities engaged in the project.
3. The data and methodology
In practice, as already mentioned, preparation and implementation of public invest-
ment projects fundamentally differs depending on the selected available procurement
model (e.g., T.I.P., P.P.P., E.S.C.O. model, financial or operational lease and similar)
and various available financing options (non-refundable grant, commercial financing
sources, financial instruments and the like). In the Republic of Croatia, the valuation
of the preferred investment option is mainly based on one criterion – the present
value of W.L.C.s (AJPP, 2014). However, this is not the just case in the Republic of
Croatia, but in other countries as well ( Burger & Hawkesworth, 2011; HM Treasury,
2011; World Bank Institute, 2013). The decision of choosing the optimal investment
option is more complex, both on the programme and project level, if it is based on
more than one validation criteria. Instead of deciding on the preferred investment
option based on one of the criteria (e.g., W.L.C.s), it is possible to decide on the
most affordable investment option based on multiple criteria. This criterion could be,
for example, the W.L.C.s, the value of the payment from the budget, the value of
domestic (Non-E.U.) grant or the statistical treatment in relation to the government
debt. In our research, we strictly separate the ‘procurement model’ (T.I.P., P.P.P.)
from co-financing and financing options (grant, financial instruments, commercial
financing). The reason for this separation is that both in theory and practice concepts
of procurement models often mix with the financing model. P.P.P. is not a ‘financing
model’ but a public procurement model (European PPP Expertize Centre (EPEC),
2010). Here is the need to apply M.C.D.A. by which we can evaluate different pro-
curement models and financing options in terms of the importance of a particular
criterion (Communities & Local Government, 2009). The importance of the specific
criteria will depend on many factors such as economic, financial, fiscal, statistical,
political and the like.
The data needed to conduct the analysis are available by using the Public Sector
Comparators made for three P.P.P.s of street lighting projects on the coast of the
Croatian Adriatic. The data we used from mentioned P.P.P.s relates to T.I.P. used to
assess L.C.C.s of T.I.P. We did not use the assessment of P.P.P. option because our
assumption is that public administration and private partner are equally efficient. The
reason for this assumption is that we want to focus not on the efficiency of the pri-
vate sector but on different financial variation in potential procurement and financing
option. The data we use from P.S.C.s are capital expenses (Capex), savings in electri-
city consumption, operating costs (Opex) and quantified annual risks. We present the
consolidated data extracted from the P.S.C.s in Table 3:
In order to be able to compare projects, besides the fact that they are very similar
investment processes (energy renewal of the public lighting system – replacement of
energy non-efficient lamps with efficient L.E.D.s), we set the investment period equal
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to 12 years. The first year refers to process of implementation (renewal), which means
that the exploitation of the investment starts at second year and ending at the finish
of twelfth year.
Data on the sources of co-financing and financing are market based. We divide
non-refundable grant support into the one from the E.U. funds and on national
(domestic) non-refundable grant. The price of a commercial loan in the case where
the beneficiary of a public contractor (in the application of the T.I.P. model) is 4%
per year with and repayment period of 11 years. The financial instrument is a loan
with a reduced interest rate of 0.5% per annum with and repayment period of
11 years. The price of a commercial loan in the case where the beneficiary is a private
partner (when applying the P.P.P. model) is 4.5% with a repayment period of
11 years, while the price of equity is 7% per annum. The structure of financing sour-
ces when applying the P.P.P. procurement model is 20:80 (equity: debt). For the need
to calculate the preferred investment option, we implement the procedure described
in Scheme 1.
Basic data (1)
The model primarily defines basic project assumptions, such as expected capital
expenses, operating costs, risks, and investment period (contract duration). Based on
these data, it is necessary to calculate the financial viability of the project, i.e., the
project’s ability to recover investment, operating costs and the risks from savings in
energy consumption. It is a standard function of the financial rate of return
(European Commission, 2014):





where FRR stands for – financial rates of return; I – capital expenditures; OR – oper-
ating income (savings); OC – operational costs; R – risks; i – current year; and n –
investment period (duration of the contract). We compare the F.R.R. with the target
discount rate (d). If the F.R.R. is different from the target discount rate, we can make
the appropriate financial decisions as presented in the Table 4:
Table 3. Consolidated data related to tree PSCs in street lighting projects.
Item Value
PV@4% Capex (000 HRK) 9 194
PV@4% Opex (000 HRK) 1 226
PV@4% Savings (000 HRK) 946
PV@4% Risks (000 HRK) 255
PV@4% WLC (000 HRK) 13 874
PV@ 4% LCC (000 HRK) 11 707
FRR (%) 12
LCC/Capex (number) 1.59
Contract period (years) 12
Construction period (years) 1
Exploitation period (years) 11
Note: WLC: CapexþOpexþ Financingþ Risks-Savings; LCC: CapexþOpexþ Risks.
Source: Public Sector Comparators.
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Within this analysis, cases are considered when F.R.R. < d and F.R.R. <¼ d. If
the F.R.R. < d project is justified to co-finance with non-refundable grant. We calcu-
late grant amount according to (European Union, 2013b):
Grant ¼ CpECPV C
ð ÞPVðNrÞ
PVðCÞ (2)
where the Grant is – value of grant (co-financing); Cp – co-financing rate (MaxCrpa);
EC – eligible costs; PV(C) – present value of the capital expenses; PV(Nr) – present
value of net revenue (OR-OC).
Models of procurement and financing (2)
In this part of the method for calculating the optimal model of procurement and
financing, the procurement models are defined (e.g., T.I.P., P.P.P.,E.P.C., factoring,
leasing or similar) and financing models (commercial loans, financial instruments –
loans, equity or guarantee, grants and the like). In order to present the model’s per-
formance, in this example, as a model of procurement, we use T.I.P. and P.P.P. As
Scheme 1. Decision-making process on optimal investment option based on validation of four criteria
Source: Authors.
Table 4. The decision about financing based on the relationship between FRR and wanted
discount rate.
Relationship between FRR and d Financial decision
FRR  d Project is not acceptable
FRR< d Project should be co-financed
FRR <¼ d Project should be financed with financial instrument
FRR> d Project should be financed with commercial financial sources
Source: Authors.
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models (sources) of financing, we use a commercial loan, financial instrument – loan,
non-refundable grant and equity.
Investment options (3)
We select four combinations of models of procurement and sources of financing and
funding in the previously mentioned sense:
1. T.I.P. with grant and commercial loan;
2. P.P.P. with commercial equity and commercial loan;
3. T.I.P. without grant and with financial instrument (T.I.P.-F.I.);
4. P.P.P. without grant, with financial instrument and commercial equity
(P.P.P.-F.I.).
Calculation continues with combination 1 with annuity calculation:
A ¼ P i
1 ð1þ iÞn (3)
where A stands for – annuity; P – principal; i – interest rate; and n – number of
periods of repayment loan. The resulting annuity values (projections of interest and
principal) are included in the basic characteristics of the project (Capex, Opex, sav-
ings and risks) and according to (2) the financial sustainability of the project is re-
examined. If it turns out that the project is not financially viable, the output of this
step will be the additional value of the grant.
Finally, from the received complete model, they select the key outputs that will
represent, in the last step of the method, the criteria for calculating the optimal
investment option. In the case of the P.P.P. model of procurement (combination 2),
we start calculation with the main features of the project (Capex, Opex, savings and
risks) and calculate in accordance with (2) value of the grant (in case that project is
not financially sustainable). After the financial sustainability test, the calculation of
the costs of the financing source follows. Costs of financing sources, when applying a
P.P.P. procurement model, based on W.A.C.C. since P.P.P. options are represented
by debt and equity at different rates and different tax treatment. We calculate the
projection of the depreciation of the total sources of financing according to (3), with
the price being calculated in accordance with the formula for the calculation of
W.A.C.C.2:
WACC ¼ rehe þ rdhdð1 tÞ (4)
where the WACC stands for – weighted average cost of capital; re – expected rate of
return; rd – expected interest rate on debt; he – share of equity in total financial sour-
ces; hd – share of debt in total financial sources; and t – corporate tax rate .
After the linkage of the basic project criterion with financial costs, we derive the
value of the unitary charge in such a way that the cumulative net cash flow at the
end of the project is equal to zero:
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Xn
i¼1
Ii þ ORi þ UCi  OCi  FCi  Ri ¼ 0 (5)
where UCi – unitary charge of i-th period; and FCi – financial costs of i-th period.
Validation criterion (4)
Since in practice, especially in economic and financial practice, there are often many
criteria for deciding on a particular action or business, this is also the case when
choosing the optimal investment decision. Authorities often encounter a selection
problem in circumstances when a criterion (e.g., Capex or W.L.C.s) is not enough to
make a decision. Then, often, decision-makers bring suboptimal decisions. This article
shows how the authorities could be able to decide on the choice of investment
options in case of multiple criteria. Based on previously stated recommendations
(EPEC 2010; European Commission, 2014), we select the following criteria:
Criterion 1: W.L.C.;
Criterion 2: Payment from the budget;
Criterion 3: Value of domestic (non-E.U.) grants;
Criterion 4: Statistical treatment of the project (existence of government debt).
It is worthwhile to briefly elaborate importance of the following criteria. W.L.C.s
or L.C.C.s3 have been applied by a large range of sectors in the E.U. Also, under the
2014 E.U. procurement rules4 a contract must be awarded based on the most eco-
nomically advantageous tender (M.E.A.T.), which is also used in this article. L.C.C.
means that all of the costs incurred during the lifetime of the project have to be con-
sidered (purchase price and all associated costs; operating costs, including energy,
fuel and water use, spares, and maintenance; end-of-life costs or residual value).
Unfortunately, most of the projects within traditional public procurement are still
based only on capital costs which is problematic for project selection as well as future
sustainability of a particular public entity. In terms of the importance of payment
from the budget, clearly this criterion presents preference of the public entity to
reduce payments from the budget and, therefore, improves fiscal position. Similarly,
the value of domestic grants denote transfers from other government entities which
reduce needs for own budget spending, but still affect public deficit and debt. Ideally,
in financial terms, projects financed by an E.U. grant would reduce capital payments
from the budget and need for grants of other government entities. Finally, statistical
treatment of the project becomes important criteria under fiscal consolidation pres-
sure. Service-based models, particularly P.P.P. can be treated as private investment
and accounted off balance sheet of the government entity. This criterion can be the
most relevant in case of severe problems with fiscal position.
4. Results and discussion
In this section, we present the empirical results of methodology previously drafted.
Figure 1 presents the present value of financial alternatives depending on the criteria
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applied. We can observe notable differences between financial options within each
criteria used for the calculations.
The results in Figure 1 show that the different criteria used per each financial
model results with different present value of the project. This means that according
to one criterion, an investment combination would be acceptable, while the second
criterion (if it would be the only criterion for the selection) would made other invest-
ment option more appropriate. In order to overcome this heterogeneity, we propose
selection of investment options according to all of the previously mentioned criteria.
Selection of optimal model (5)
In order to calculate the optimal investment option, the method of M.E.A.T. was
used. This comparison method is appropriate because it exploits the mutual relation-
ship of different investment combinations and we can compare it with financial
options based on one criterion. Depending on the economic and budgetary position
of each authority, the acceptable value of individual weighting factors (W) will be
determined. We present the process of evaluating investment combinations in relation
to weighting factors by Figure 2:
The valuation of an individual investment combination within each criterion is cal-
culated using:
CVic ¼ MVicSic W (6)
and total score is calculated as:
Figure 1. Values of selected criterion.
Source: Authors’ simulations.





where CVic – the criterion of the observed investment combination; MVic – the min-
imum value of the investment combination within one criterion; Sic – the observed
investment combination; W – weighting factor; TS – total score; n – observed invest-
ment option; and k – final number of investment options. In our example, the value
of the P.P.P.-F.I. investment criterion within criterion 1 is 0:29691 ¼ 20 44220 655 0:3,
rounded to 0.3 (in Figure 2, the rounded solid line is shown).
When calculating all the values of individual investment combinations within each
of the individual criteria, the total sum of all the values for each investment combin-
ation is calculated. We obtain the following value: 0.9 for T.I.P., 0.95 for P.P.P., 0.88
for T.I.P-F.I. and 0.97 for P.P.P.-F.I. We obtain the highest number of points for the
investment combination of P.P.P.-F.I. and it is the optimal investment option in the
example (in Figure 2 rounded-off line).
It is important to emphasise that the preferred final decision will depend the most
on the selected weighting factors. In that sense, special attention needs to be dedi-
cated to the weighting factors in the phase of the preparation of the project. This
value will depend on the combination of the existing fiscal, financial, economic, stat-
istic and political position of the authority and also of the named factors’ state that
wants to be accomplish in the future by executing the project. For that reason, select-
ing the value of weighting factors is very complex. In addition, we clearly present this
case by quantitative analysis. However, the important difference between P.P.P. and
the traditional model is that qualitative decision which refers to the process of defin-
ing the standard of public services and by their permanent measurement. This allows
for continuous monitoring and improvements if the project does not achieve the
planned V.f.M. in the project’s lifetime. Lack of use of such principles in the trad-
itional procurement model is its detrimental flaw. For this reason, the traditional
model is not transparent and taxpayers are not able to evaluate how efficiently the
government spends their money.
Figure 2. Comparison of investment combination by using the weighting factors.
Source: Authors’ calculations.
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However, the complexity of alternative models (P.P.P. and concession) and high
cost of preparation often are not efficient at relatively small projects. This obstacle
can be overcome efficiently with the creation of national templates which entail con-
tracts, P.S.C.s, risk matrix and the like (EBRD, 2017; Iossa & Saussier, 2018). We can
achieve substantial progress in the area of transparency and efficiency of the trad-
itional model, if we translate and apply principles of preparation and supervising of
the project over its lifetime (characteristic for P.P.P.) to T.I.P. There are no barriers
for this besides the will of the public management.
5. Conclusion and policy implications
Both theoretical and empirical studies in recent period show significant economic
benefits coming from the increased quantity and quality of public investments.
However, much research discussed in this study show a number of obstacles which
prevent accumulation of public capital. One of the oft-cited impediments refers to a
lack of financial innovation which is particularly important within countries burdened
with fiscal consolidation goals. In such cases, there are alternative models of financing
which can enable public investment increase without harming the fiscal position.
However, public sector entities do not use available methods of decision-making
which could clearly show benefits of particular model of procurement. The empirical
research in this article reveals the potential of using such methodology.
The analysis presented in this article shows a method by which public-contracting
authorities can decide on the optimal investment option in cases where the decision to
choose the investment option is based on more than one criteria. In order to identify
the preferable investment option, we use a deterministic method of evaluating the
results of certain criteria of a particular investment option. We combine this with
the valuation of an individual investment option within a particular criterion by the
standard practice used to evaluate tenders in public procurement procedures. M.E.A.T.
selection methodology presented in this research can be exploited not just within
energy efficiency projects but for decision-making within all public investments.
In terms of policy implications and recommendations, it is important to address
current and long-term problems related to unsatisfactory attainment of energy effi-
ciency goals set by the E.U. and other supranational entities and countries. One of
the key reasons for such failures is in the lack of systematic approaches addressing
the most important factors that enable the realisation of energy efficiency invest-
ments. The systematic approach presented in this article enables the selection of an
optimal financial model depending on the selection of key criteria. Such procedures
have a direct impact in the form of achieving V.f.M. However, an indirect impact
comes from the fact that the volume of a project rises because the quality of project
planning, reliability and credibility of the financial model decrease financial risks,
which often curb the project’s realisation. Finally, integration of issues related to stat-
istical classification, inclusion of W.L.C., V.f.M. concept and detailed identification,
distribution and monetisation of project risks will substantially increase the overall
volume and efficiency of projects on the energy efficiency market. Therefore, there
are three key policy recommendations set by this article:
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- When preparing energy efficiency projects, public entities should always focus on
W.L.C.s instead of the traditional approach, which is based solely on capital costs;
- By applying the procedures elaborated on in this article, every project should
allow for optimal variation of technological, financial and procurement option;
- A comparison of options should be conducted by utilising M.C.D.A. as described
in this article.
Finally, it is important to note that the methodology presented in this research should
be a standard procedure applied within public investment decision-making process
across all tiers of governments. More narrowly, the methodology can provide a key tool
for the selection of funding sources according to the goals of economic development and
fiscal policy. It can be particularly valuable for countries with a lack of fiscal space, and
thus, the inability to finance public investment within traditional procurement methods.
Future research should focus on augmenting methods of multiple criteria optimisa-
tion of investment options. It would be worth exploring the stochastic method with
the inclusion of probability distributions of particular financial categories. This is par-
ticularly interesting when we compare traditional with alternative procurement models,
such as P.P.P., the main feature of which is the transfer of risk from the public to a pri-
vate partner. Furthermore, it would be interesting to expand the analysis further, and
besides broadening financial parameters, include technical, legal and other important
categories of project realisation. In addition, one of the important steps in decision-
making on public investment is risk analysis. Therefore, inclusion of expected risks in
terms of availability of financial sources, important financial parameters such as infla-
tion, interest rate, exchange rate, as well as other non-financial risks would be further
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